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TIME-OF-TRAVEL STUDY 
UPPER HUDSON RIVER 


FORT EDWARD, NEW YORK TO TROY LOCK AND DAM, TROY, NEW YORK 


By 
Harold L. Shindel 1/ 


SUMMARY 


Time of travel of water was determined for the 39.5-mile reach of the 
Hudson River between Fort Edward, New York, and the Troy Lock and Dam at 
Troy, New York. A 40-percent solution of Rhodamine B dye was used to trace 
the time of travel. The cumulative time of travel, based on computations, 
was approximately 106 hours for average flows during the period June to 
September 1966, and was approximately 116, 144, and 179 hours, respectively, 
for the 80, 90, and 95-percent flow durations. Graphs are presented which 
show the magnitude and frequency of discharge and the relationship between 
time of travel and discharge through the sub reaches. 


Time-of-travel data for each subreach are given as well as cumulative 
time graphs for the entire reach for different discharges. A method is 
presented for computation of cumulative time of travel between any two 
points in the reach for any given discharge. Due to regulation effects 
data presented herein are applicable to the study reach only. 


1/ Hydrologist, U.S. Geological Survey, Albany, N. Y. 
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INTRODUCTION 


The rivers of New York State carry and dilute large amounts of effluents. 
This report presents the results of a study of the speed at which a pollutant 
might travel on the Hudson River between Fort Edward and Troy. 


The report covers time-of-travel investigations made on the Hudson River 
during the period August 1966 to December 1967 by the U.S. Geological Survey, 
under the immediate supervison of Garald G. Parker, former District Chief, in 
cooperation with the New York State Department of Health, Hollis S. Ingraham, 
M. D., Commissioner. Field assistance was provided by the New York State 
Department of Transportation, J. Burch McMorran, Commissioner. 


The time needed by a stream to move water and its accompanying pollutants 
from point to point, is called the time of travel between those points. Time 
of travel may be measured by using floats, by analyzing average stream veloc- 
ities at selected cross sections, and by tracking various chemicals. The 
method used in this report is a recently developed variation of the chemical 
tracking method that employs fluorescent-dye tracers which provides reliable 
results. Briefly stated, the method requires that a fluorescent dye be 
dumped into a stream and periodic samples then be taken at some downstream 
point until the slug of dye has passed. As defined in this report, time of 
travel is the time necessary for the peak concentration of the dye to pass 
from the dump point to the sample point. The fluorescent-dye method is 
explained more fully in the "Operations" section of the report. 
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DESCRIPTION OF REACH 


The Hudson River is significantly regulated above the study reach. During 
low-flow periods, releases from Great Sacandaga Lake are used to maintain flows 
throughout the downstream reaches. The summer, or low flow, operating schedule 
is from around 0700 Monday to 2200 Saturday with an average flow of approxi- 
mately 2,000 cfs (cubic feet per second). Further regulation is supplied by 
Stewarts Bridge Power Station passing the flow to the Hudson River. Downstream 
powerplants on the Hudson River regulate their own power pools on the basis of 
releases from upstream sites. The effects of the Sunday shutdown per.iod at 
Sacandaga and the successive regulation are shown by low flows at the Troy 
Locks from Sunday afternoon to Monday morning. The flow builds up rapidly on 
Monday as the water is passed downstream to meet hydropower requirements. 


From Fort Edward to the Troy Lock and Dam, the reach under study, the flow 
is regulated for both power and navigation purposes. At the dams downstream 
from Fort Edward there are bypass channels for the canal. Dams at Fort Miller 
and Thomson are used to create power pools. The dam at Stillwater is used for 
maintaining the canal level, and the one further downstream at Mechanicville 
is used also for generation of power and water supply for another paper 
company. Dams at Lock 2 and Lock 1 are the last regulatory structures on the 
main channel of the Hudson River above the Troy Lock and Dam, which marks the 
boundary of the Upper Hudson River. Just before reaching the Troy Lock and 
Dam, the Hudson River is joined by the Mohawk River which is highly regulated 
by the School Street Power Station immediately above its mouth. Figure 1 
shows the study reach and subreaches. 


The flow is regulated most during low and middle flows, which occur mainly 
during the summer months. Figure 2 shows the effects of regulation on the flow 
of the Hudson River at Green Island during the week of August 17- 24 , 1967. The 
low point on Monday is caused by the diminished use of hydropower on Sunday. 
Power regulation resumes on Monday morning, causing a sharp rise in flow, and 
continues through the week. As a basis of comparison, figure 2 also shows the 
flow of the Hudson River at Hadley which was not subject to any extensive 
regulation during that period. Also included is the flow of the Sacandaga 
River at Stewarts Bridge near Hadley which is highly regulated and affects the 
whole of the study reach. 
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Figure 1.--Location of reach, sub reaches, gaging stations, and ungaged 
measuring sites on the Upper Hudson River. 
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Figure 2.--Time variation in flow; Hudson River at Green Island, Hudson River 
at Hadley, and Sacandaga River at Stewarts Bridge near Hadley, 
for the week of August 17-24, 1967. 
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OPERATIONS 


Prior to actual field operations, field and map reconnaissance was 
conducted to determine the prospective subreaches, lengths of subreaches, and 
division of responsibility for sampling. Lengths of subreaches were deter- 
mined from the largest scale U.S. Geological Survey map available. Table 1 
shows each subreach, the maps on which it is found (15 minute and 7 1/2 
minute U.S. Geological Survey Topographic Quadrangles and U.S. Corps of 
Engineers Canal Charts), the mileage, the type of channel, the gages that 
monitor the flow, the agency picking up samples, and the type of pickup. 


The field procedure consisted of injecting the dye at the upstream site 
and taking samples at known times at the downstream sampling site. Although 
there are many dye tracers available for this type of study, a Rhodamine B 
40-percent tracer was chosen. This tracer was chosen for its high detect- 
ability, economy, ease of handling and injection, and harmlessness in the 
concentrations used. Before injecting, it was necessary to compute the 
volume of dye to be injected so the peak concentration at the downstream 
site would be less than 10 ppb (parts per billion) in accordance with U.S. 
Geological Survey policy. The amount of dye to be injected was computed by 
the formula: 


Vd = CQT e where 
Vd is the amount of dye injected in ounces; 
Q is the discharge, in cubic feet per second; 
Te is the estimated time of travel, in hours; and 
C is a constant. 


To assure a downstream concentration of less than 10 ppb, a target concen- 
tration of 2 ppb was used. The final formula then became: 


Vd(oz)=0.005Q(cfs)T e (hrs) 


After the samples were taken, they were analyzed by a fluorometer. The 
Turner Model I I I Fluorometer used to analyze the sample concentration is 
basically an optical bridge that, by the use of a rotating prism, relates the 
fluorescence of a sample to a calibrated rear light path. The machine is 
calibrated with prepared standards, the dial reading varying linearly at low 
concentrations with the amount of fluorescence. The machine may be used with 
either a flow-through door or with individual sample cuvettes. An individual 
sampling technique was used in the study. The samples were analyzed in the 
lab and the concentration noted. The time interval between injection and 
arrival of peak concentration of dye was considered the time of travel. Table 
2 shows the amount of dye used, the peak concentration observed, and the 
duration of the dye cloud. 


Discharge was obtained from the gage records at the following stations: 
Hudson River at Hadley; Sacandaga River at Stewarts Bridge, near Hadley; Glens 
Falls feeder at Dunham Basin; Batten Kill at Battenville; Kayaderosseras Creek 
near West Milton; Hoosic River near Eagle Bridge; Mohawk River at Cohoes; and 
Hudson River at Green Island. Mean daily discharges for these stations are 
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Table 2.--Concentration and dispersion of the d y e 
Durat i on 
Amount of 
of Peak dye 
Reach Date Discharge dye concentration cloud 
(cfs) (oz) ( pp b) (hrs) 
Spier Falls 
to Glens Falls 8/26/66 e3,110 576 1.8 58 
Fort Edward,Route 197 
to Thomson 8/22/66 4,500 256 1.5 10.4 
10/27/66 2,690 384 2.0 14.0 
7/12/67 2,530 416 1.4 15.0 
to C1arks Mills 8/22/66 4,750 256 1.3 12.0 
10/27/66 2,690 384 2.0 14.2 
7/12/67 2,880 416 1.4 18.0 
C1arks Mills 
to Schuy1ervi11e 8/22/66 2,160 448 34.5 2.6 
10/25/66 3,340 512 40.5 2.3 
7/11/67 3,300 576 81.0 2.0 
to Stillwater 8/22/66 5,400 448 2.4 14.0 
10/25/66 3,870 512 2.8 15.6 
7/11/67 3,050 576 2.2 11.0 
Stillwater 
to West Virginia Pulp & Paper 8/18/66 3,980 144 8.2 6.0 
9/30/66 4,750 48 3.5 4.2 
9/20/67 2,900 48 e1.5 e3.5 
to Mechanicvi11e 8/18/66 3,980 144 2.1 7.0 
9/30/66 4,750 48 2.0 5.4 
9/20/67 2,900 48 1.3 e5.0 
Mechanicvi11e 
to Lock 2 8/17/66 3,850 256 28.0 2.8 
9/29/66 4,700 64 9.3 2.0 
9/20/67 2,900 96 e5.0 2.2 
Lock 2 
to Lock 1 8/17/66 5,300 768 11.6 13.0 
9/29/66 3,880 368 5.4 5.2 
to Waterford 8/17/66 5,300 768 4.7 19.0 
9/29/66 3,880 368 2.6 10.0 
Water ford 
to 112th Street, Troy 8/16/66 3,800 108 1.2 4.2 
9/27/66 5,300 240 11.1 3.0 
8/22/67 5,300 192 25.2 1.0 
12/20/67 8,780 112 5.7 .8 
to Troy Locks 9/27/66 8,160 240 13.4 11.0 
8/22/67 6,200 192 2.2 3.2 
12/20/67 19,400 112 2.0 1.0 
112th Street,Troy 
to Tro y Locks 8 / 16 / 66 4 , 870 128 1.4 7.0 
e estimated 
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published in the annual U.S. Geological Survey open-file reports, I
ater 
Resources Data for New York - Part 1. Surface Water Records." Table 3 gives 
an abstract of the description for these stations. 


Table 4 1 ists streamflow measurements that were made at several ungaged 
sites where flow data were needed. Discharge data for adjacent reaches were 
also obtained from records supplied by West Virginia Pulp and Paper Company. 


Locations of the gaged and ungaged measuring sites are shown in figure 
1. The cross sections found at the ungaged discharge measurement sites are 
shown in Appendix B. 
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Table 3.-- Gaging station descriptions 


1-3185. Hudson River at Hadley, N. Y. 


Location.--Lat 43°19'10", long 73°50'40", on right bank at Hadley, 
Saratoga County, 400 ft downstream from outlet of Lake Luzerne 
and a quarter of a mile upstream from Sacandaga River. 


Drainage area.--l,664 sq mi. 


Gage.--Water-stage recorder. 


Remarks.--Some diurnal fluctuation caused by power plant on Schroon 
River. Flow partly regulated by Indian Lake and other reservoirs 
above station. 


1-3250. Sacandaga River at Stewarts Bridge, near Hadley, N. Y. 


Location.--Lat 43°18'40", long 73°52'00", on left bank 1 mile down- 
stream from Stewarts Bridge; 1.1 miles west of Hadley, Saratoga 
County, 1.4 miles upstream from mouth, and 1.5 miles downstream 
from Stewarts Bridge hydroelectric plant. 


Drainage area.--l,055 sq mi. 


Gage.--Water-stage recorder. 


Remarks.--Flow completely regulated by Sacandaga Reservoir. 
Extensive diurnal fluctuation caused by release of water from 
Sacandaga Reservoir, through Elmer J. West hydroelectric station 
as directed by Board of Hudson River-Black Regulating District 
and through Stewarts Bridge hydroelectric station. Discharge 
computed by Board of Hudson River-Black River Regulating District 
from rating developed by Geological Survey. 


1-3275. Glens Falls feeder at Dunham Basin, N. Y. 


Location.--Lat 43°18'45", long 73°32'50", on left bank at Dunham 
Basin, Washington County, 100 ft upstream from Bond creek, 2.0 
miles east of courthouse at Hudson Falls and 8 miles downstream 
from Hudson River feeder dam at Glens Falls. 


Gage.--Water-stage recorder. 


Remarks.--Feeder flow during navigation season is net diversion from 
Hudson River basin to summit level of Champlain (Barge) Canal. 
Diversions through this feeder are controlled by canal require- 
ments and occur only through the navigation season. Once the 
flow reaches the Champlain (Barge) Canal a portion is diverted 
into the Lake Champlain basin; the remainder going to the Hudson 
River basin through southbound lockages. 


1-3295. Batten Kill at Battenville, N. Y. 


Location.--Lat 43°06'05", long 73°25'55", on left bank 1 mile south- 
west of Battenville, Washington County, and 1.2 miles upstream 
from Trout Brook. 


Drainage area.--394 sq mi. 


Gage.--Water-stage recorder. 
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Table 3.-- Gaging station descriptions (Continued) 


1-3305. Kayaderosseras Creek near West Milton, N. Y. 
Location.--Lat 43°02 1 25", long 73°54'30", on left bank 500 ft 
downstream from Glowegee Creek, 1 mile east of West Milton, 
Saratoga County, and 3 1/2 miles northwest of Ballston Spa. 


Drainage area.--90 sq mi,approximately. 


Gage.--Water-stage recorder. 


Remarks.--Slight diurnal fluctuation at low flows caused by mills 
above station. 


1-3345. Hoosic River near Eagle Bridge, N. Y. 


Location.--Lat 42°56'10", long 73°22'30", on right bank three- 
quarters of a mile downstream from Walloomsac River and 1 1/4 
miles southeast of Eagle Bridge, Rensselaer County. 


Drainage area.--5l0 sq mi. 


Gage.--Water-stage recorder. 


Remarks.--Diurnal fluctuation at medium and low flows caused by 
powerplants above station. 


1-3575. Mohawk River at Cohoes, N. Y. 


Location.--Lat 42°47'05", long. 73°42'25", on right bank at 
Niagara Mohawk Power Corporation School Street powerplant in 
Cohoes, Albany County and 1 3/4 miles upstream from mouth. 


Drainage area.--3,456 sq mi. 


Gage.--Digital water-stage recorder. 


Remarks.--During canal season water received from Black River 
basin, and from Chenango River basin. Water is exchanged to 
and from the Oswego River basin through the summit level of 
the Erie (Barge) Canal. Most of the flow of Schoharie Creek 
above Gilboa Dam is diverted out of the basin for water supply 
of New York City. Flow regulated by Delta, Hinckley, and 
Schoharie Reservoirs. Extensive diurnal fluctuation caused by 
School Street powerplant. Diversion to the Barge Canal at 
Crescent Dam, during the navigation season, should be considered 
if using this station as a Hudson River tributary. 


1-3580. Hudson River at Green Island, N. Y. 


Location.--Lat 42°45'10", long 73°41'20", on right bank at Green 
Island, Albany County, just upstream from Troy Lock and dam, half 
a mile downstream from 5th branch Mohawk River. 


Drainage area.--Approximately 8,090 sq mi. 


Gage.--Digital water-stage recorder. 


Remarks.--Flow appreciably regulated by Sacandaga Reservoir, Indian 
Lake, and Delta, Hinckley, and Schoharie Reservoirs (combined 
capacity 8,738,000,000 cu ft). Diurnal fluctuation caused by 
powerplants above station. Diversion above station for water 
supply of City of New York (from Mohawk River basin). During 
canal navigation season, water may be received from Black River 
basin through Black River canal, flowing south, and Lansing Kill, 
and from Chenango River basin through Oriskany Creek feeder. 
Water is diverted into (or may occasionally be received from) 
Oswego River basin through summit levels of Erie (Barge) Canal 
between New London and Utica. Water is diverted into St. 
Lawrence River basin through Glens Falls feeder, Bond Creek and 
Champlain Canal and occasionally may be received from that basin 
through summit level of Champlain (Barge) Canal at Dunham basin. 
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Table 4.--Miscel1aneous discharge measurements 
of the Upper Hudson River 


Date 
10/26/66 
7/12/67 
7/13/67 
8/22/66 
10/25/66 
7/11/67 
8/23/66 
7/12/67 
9/20/67 
8/16/66 
8/23/67 


Discharge 
Site (cfs) 
Hudson River at Fort Edward ;,;;)/3 z77

t:> 2,450 
do. 2,180 


Hudson River at Thomson 2,880 
Hudson River at Schuy1ervi11e 2,160 
do. 3,340 
do. 3,300 
Hudson River at Stillwater 6,190 
do. 3,050 
Hudson River at Mechanicvi11e 2,650 
Hudson River at Water ford 3,810 
do. 3,980 
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ANALYSIS 


To establish a val id discharge versus time relationship, attempts were 
made to measure times of travel at three different discharges. The results of 
the measurements are shown in table 5, which lists the dates, discharges, 
times, and velocities for each of the reaches during the study. The relation- 
ships based on table 5 are shown in figures 7-10. The relationships are 
extended slightly to encompass slightly higher and lower flows not observed 
during the study periods. Relationships of discharge to velocity are also 
given (figs. 11-14). 


When drawing cumulative time curves directly from the discharge-time 
graphs (figs. 7-10), one must consider the tributaries entering the Hudson 
River channel within the study reach. At any given time, one discharge cannot 
be realistically used for all of the subreaches. The method used in this 
report is to cumulate the discharges as the tributaries enter the reach. 
Table 1 shows the tributaries added in each reach; for analytical purposes 
only the gaged tributaries are used inasmuch as other inflows are compara- 
tively small and are considered negligible. 


Figure 3 shows the cumulative time of travel for the average flow that 
occurred during the months of June to September 1966. Figure 4 shows the 
cumulative time of travel for 95, 90, and BD-percent durations. Discharge 
for these durations were estimated from the flow-duration curves for Batten 
Kill at Battenvi11e, Kayaderosseras Creek near West Milton, Hoosic River near 
Eagle Bridge, Hudson River at Mechanicvi11e (this station is no longer in 
operation), Mohawk River at Cohoes, and Hudson River at Green Island. 


To illustrate the method of computing the cumulative time of travel 
graphs shown and to give a step-by-step method whereby the reader can compute 
cumulative times of travel, the following method is presented: 


1. Computation of discharge. 
For any reach, cumulatively add the discharges of the gages 
above or in the reach. Tables 1 and 3 show the gages whose dis- 
charges are to be included for any reach covered by this report. 
Figure 5 is a schematic diagram depicting the cumulative buildup 
of flows through the reach. 


2. Computation of time of travel in subreach. 
Use the discharge obtained in step 1 and the appropriate 
discharge to time relationship (figs. 7-10) to obtain the time 
of travel. If only a section of a subreach is of interest, 
prorate the total time of travel with the following formula: 
TT(x)= TT x D 1 where: 
D 2 
TT(x)is the desired time of travel, 
TT is the time of travel for the subreach, 
D 1 is the length of subsection within the subreach for which 
time of travel is desired, 
D 2 is the length of the entire subreach. 
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o 
o 10 20 30 40 
DISTANCE DOWNSTREAM FROM FORT EDWARD, IN MILES 


Station 
Hudson River at Hadley 
Sacandaga River 
Glens Falls Feeder 
Batten Kill 
Kayaderosseras Creek 
Hoos i c Rive r 
Mohawk River and Canal 


Average 
Flow 
1 ,225 
1 , 845 
-132 
364 
76 
308 
1 , 765 


Cumulative 
Averaqe 
1,225 
3,070 
2,938 
3,302 
3,378 
3,686 
5,451 


The cumulative average 
(
451) agrees very well 
with the average flow 
of the Hudson River at 
Green Island (5
52) for 
the same time period. 


1/ Average flows based on figures of daily mean discharges, 
June to September 1966, as found in Water Resources 
Data for New York and summarized in the above table. 


Figure 3.--Cumulative time of travel from Fort Edward to the Troy Lock and 
Dam for average flows 1/ of the Upper Hudson River. 


- 15 - 



180 0 95 PERCENT FLOW DURATION 
/ 
170 0 
'<t a q 
 95 PERCENT .21 
160 1810 
B +---1960 
 '),...at

 2185t$ 
2242 l <V"ot l 2426 I 

-f'),<O'),
2650..tG'<O 90 PERCENT 
2812 1 /+-- 3060 I 3300 80 PERCENT 
150 
90 PERCENT FLOW DURATION 
140 I 
en /
 
c:: 
=> 
0 130 
I o ] 

 /0 I ;0 80 PERCENT FLOW DURATION 
:::2: 120 
« 
0 
0 
z 
« 110 
::.:: / / Ie 
u 
0 o /ii 
.....J 
>- 100 
0 
c:: 
l- /o 
 a; 
0 o 
 Q) 
I- /d' /
 
 
0 90 
c:: 
« 
:5: o 
- 
0 0 
UJ ..J 
80 
I- /N 
c:: 
0 ht 0 
LL >= Z 
.....J- e ,- ""'- 
70 o co 
 () 
UJ c.._ 0 
> E e ..J 
o <C 
« u .!: 
() 
c:: .. Q) 
I- g::!: 
LL 60 .2: CI7 
0 
 
rJ'J '> "C 
UJ e 
:::2: = Q1 co 
i= .
 
 c. 
"5 
UJ 50 rJ'J .!: 
 
""'- () 
> g ro (f) co 
i= E u 0 'i: 
« o 0 .
 
.....J 
, :> 
=> 40 .... 
:::2: rJ'J 
=> ,0 Q) 
u I 
 
30 0,0 
6 
20 


EI Flow (estimated) in the subreach 


10 20 30 40 
DISTANCE DOWNSTREAM FROM FORT EDWARD, IN MILES 


Figure 4.--Cumu1ative time of travel from Fort Edward to the Troy Lock and 
Dam for the 80, 90, and 95-percent flow duration. 
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3 . C umu 1 at i ve time s . 
After the time of travel is computed in like manner for all 
subreaches (step 1 and 2), add the times of travel together to 
obtain the total time of travel from one point in the reach to any 
other point in the reach. 


As the method is outlined above, times of travel can be obtained through- 
out the reach using available gaging station records and the relationships 
estab1 ished in this report. Care should be taken in using the results of step 
1 as other than an estimate because there is much regulation throughout the 
reach and the discharge from one source may be delayed artificially, thereby 
creating error in the cumulative discharge. Discharge information can, of 
course, be obtained by actual measurement at the site as a substitution for 
step 1. Step 2 assumes a linear relationship between time of travel and 
distance. This would actually be the case only in a homogeneous subreach. 
In lieu of running an infinity of subreaches, the straight-line relationship 
is advocated as being val ide 
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Figure 5.--Schematic diagram and stations of cumulative average flows 
on the Upper Hudson River. 
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DISCUSSION 


A flow-duration curve is a means of describing the distribution of daily 
mean flows which have occurred and which may occur. The curve is a plotting 
of the flow versus percentage of time that the flow was equalled or exceeded. 
A 90-percent flow would indicate a low flow, one that has been equalled or 
exceeded 90 percent of the time. Similarly, a 10-percent flow would indicate 
a high flow, one that had been equalled or exceeded only 10 percent of the 
time. In pollution studies, the low-flow periods are the ones of greatest 
interest because during such periods the stream has less water to ameliorate 
the effects of pollutant inflow. Generally a 75 percent or higher duration 
flow indicates low-flow conditions. In the reach studied, the only gaging 
station actually on the Hudson River was "Hudson River at Green Is1and." 
Figure 6 shows the flow-duration curve for this gage as well as the f1ow- 
duration curve for "Hudson River at Had1ey." 
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Figure 6.--Duration curve of daily mean flows for Hudson River 
at Hadley and at Green Island. 
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A generally satisfactory definition of the discharge versus time-of- 
travel curve can usually be obtained by measuring time of travel during three 
distinct discharges. To define the low discharge end of the graph, the ends 
most critical in pollution problems, one of the time-of-travel measurements 
should be made at the 90 percent or lower flow-duration point. 


The only subreach served by an operating gage was the reach from 112th 
Street in Troy to the Troy Lock and Dam. Flows during the study at this 
point ranged from a low flow at the 82-percent duration point (4,870 cfs) to 
a high at the 18-percent duration point (19,360 cfs). The rest of the reach 
was run from 82 percent low to 52 percent high. It was difficult to find a 
lengthy time period with flows less than 80-percent duration because of the 
regulation pattern in the channel (fig. 2). 


Another factor that may change time of travel is the effect of regula- 
tion patterns on the movement of a particle of water. It is expected that 
the time of travel might be different with an unsteady flow condition 
(changing flood-wave patterns caused by regulation) as compared to a steady 
flow with the same average discharge. This aspect of time of travel may 
affect significantly the transferability of results and should be more fully 
investigated. 


The graphs in Appendix A show the time dispersion and variation of dye 
past the samp1ing points, which may be of use in predicting the action of a 
spot-injected pollutant. (Appendix B shows various cross sections and 
hydraulic properties measured during the course of this study.) 
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Figure 7.--Relationship of discharge to time of travel of the 
Hudson River (from Fort Edward to Thomson to 
Clarks Mills to Schuylerville to Stillwater). 
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Figure 8.--Relationship of discharge to time of travel of the Hudson 
River (from Stillwater to West Virginia Pulp and Paper 
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Figure 9.--Relationship of discharge to time of travel of the Hudson 
River (from Lock No.2 to Lock No.1 to Waterford). 
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Figure lO.--Relationship of discharge to time of travel of the Hudson River 
(from Waterford to l12th Street Bridge, at Troy to Troy Locks). 
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Figure ll.--Relationship of discharge to velocity of the Hudson River (from 
Fort Edward to Thomson to Clarks Mills to Schuylerville). 
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Figure l2.--Relationship of discharge to velocity of the Hudson River 
(from Schuylerville to Stillwater to West Virginia Pulp 
and Paper Company to Mechanicville). 
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Figure l3.--Relationship of discharge to velocity of the Hudson River (from 
Mechanicville to Lock No.2 to Lock No.1 to Waterford). 
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Appendix A.--Time variation and dispersion of dye. 
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Appendix A.--Time variation and dispersion of dye. 
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